INTRODUCTION
Concerns about the price and supply of natural gas have deepened in recent years both nationally and in New England. Renewable energy (RE) technologies can directly hedge natural gas price risk by reducing the need to purchase variable-price natural gas-fired electricity generation, and replacing that generation with fixed-price renewable electricity supply.
In addition to its direct contribution to price stability, an increasing number of studies show that renewable energy deployment can also put downward pressure on natural gas prices by reducing demand for gas among gas-fired generators. These gas price reductions are, in turn, expected to reduce electricity prices and -more importantly -directly reduce consumer natural gas bills. Many recent studies have found that this effect may be significant, substantially benefiting consumers. These studies are reviewed in the attached paper, published in the proceedings of a recent national energy conference.
An important consideration is that -strictly speaking -this price reduction represents a consumer benefit that comes at the expense of producers; it therefore represents a wealth transfer, not a net gain in social welfare. That said, current concerns about the price and supply of natural gas suggest that policymakers may want to pursue actions that reduce the strain of high prices on consumer energy bills.
Using previous studies as a guide, this memorandum focuses on New England, and calculates the potential impact of increased deployment of renewable energy on regional natural gas prices, as well as consumer benefits associated with those price reductions. We do this by extrapolating the findings of previous studies to the New England region. Pertinent caveats are noted, though we 1 direct the reader to the attached paper for further discussion of our general methods and the limitations to current research in this area. Below, we first estimate the potential long-term consumer gas savings that derive from increased renewable energy deployment in New England, based primarily on extrapolation from national studies. Subsequently, we extrapolate the results of an ACEEE/EEA study that, arguably, may do a better job at representing the regional, nearterm impacts of renewable energy on natural gas prices. The renewable energy additions included in this analysis reflect the projected impact of renewables portfolio standards (RPS) in both Massachusetts and Connecticut through 2009.
LONG-TERM BENEFITS OF INCREASED RE DEPLOYMENT IN NEW ENGLAND
Most of the studies summarized in the attached paper look at the national impacts of national renewable energy deployment. As shown in the attached paper, the majority of the modeling studies that have been conducted (typically, though not always, using the EIA's National Energy Modeling System -NEMS) show that each 1 percent reduction in national natural gas demand may reduce the long-term wellhead price of natural gas by 0.75 percent to 2.5 percent. Some models predict even more significant national price reductions (e.g., the recent National Petroleum Council assessment shows an approximate 4 percent reduction in price from a 1 percent decrease in national gas demand). This estimate of the "inverse price elasticity of supply" for natural gas is somewhat consistent with the output of other national energy models, and with a very limited empirical economics literature on natural gas supply elasticities.
We therefore conclude that -while additional research and validation is important -a reasonable initial estimate is that a 1 percent reduction in national natural gas demand may lead to a longterm wellhead price reduction of 0.75 to 2.5 percent. This wellhead price reduction (in $/MMBtu terms) is expected to translate roughly one-for-one into retail natural gas prices.
Though the models used to create this estimate are arguably best-suited for long-term, national analysis, we have also sought to understand impacts of short-term, regional renewable energy deployment scenarios. Given that natural gas supply is generally constrained in the short-term, but better able to adjust over the long-term, one would expect deployment of renewable energy to cause a reduction in natural gas prices that is larger in the near-term than over the long-term. Similarly, a region that is transportation-constrained could experience regional price impacts that exceed average, national price impacts. Based on a number of modeling runs conducted in the EIA's National Energy Modeling System (not shown in the attached paper), we have found that NEMS generally predicts that regional penetration of renewable generation can lead to an initial regional gas price reduction that is 3 -5 times as large as the national change in average wellhead prices. For example, a $0.1/MMBtu reduction in national wellhead prices can initially translate into a $0.3-0.5/MMBtu reduction in retail gas prices in the region in which the renewables deployment occurs. Over the ensuing 20 years, this regional multiplier dissipates and the regional impact is predicted to be virtually the same as the national impact.
Given the above findings, most of which are described in more detail in the attached paper (note that the regional results presented above are not highlighted in the attached paper), one can calculate the potential impacts of increased renewable energy deployment in New England. To do so, we assume the following: • We translate these gas savings into percentage reductions in national natural gas demand using forecasts of national natural gas demand for 2006-2025 from the latest EIA Annual Energy Outlook.
• We estimate the national average wellhead price reduction by applying inverse elasticity estimates of 0.75, 1.5, and 3, consistent with the studies summarized in the attached paper.
On a national basis, we assume that reductions in wellhead prices translate directly, on a onefor-one basis, into reductions in retail gas prices.
• To estimate New England retail price reductions, we assume a regional multiplier of 3 in the initial year of our analysis (2006), declining linearly to 1 by 2025, the final year of our analysis. In other words, we assume that reductions in New England retail natural gas prices will, in 2006, be 3 times as large as reductions in national average wellhead prices in that year. This is consistent with previous analysis that we have conducted with NEMS, as reported earlier. This regional multiplier reflects the fact that New England has little native natural gas supply, and is therefore highly dependent on transportation from other regionstransportation that is, at times, tightly constrained, resulting in price effects that are amplified relative to changes in average wellhead prices. Particularly at such times, a reduction in natural gas demand resulting from renewables penetration in New England may have a large impact on regional gas prices.
• We estimate national and New England consumer gas bill savings by applying the resulting retail price reductions to total estimated gas demand as presented in the latest EIA Annual Energy Outlook nationally and for New England, respectively. This assumes that retail gas price reductions translate directly into consumer bill savings (both directly through gas bills and indirectly through electric bills).
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• Finally, by allocating the resulting consumer gas bill savings to the projected MWh of renewable energy supply, we estimate the natural gas-related consumer benefits that derive from each increment of renewable generation.
Though all of these assumptions are subject to uncertainty, we believe that the results can be used to estimate a plausible range of impacts, especially over the long-term, that are, at a minimum, consistent with those predicted by integrated energy models. The results of the analysis are presented below in Tables 1 through 3 (each presenting results 
EXTRAPOLATING NEAR-TERM REGIONAL IMPACTS FROM ACEEE/EEA
One would expect that regional penetration of renewable energy would have a larger near-term, regional impact on gas prices than predicted over the longer-term, on a national basis. This is due to both regional transportation constraints that exist in many regions, and because the supply of natural gas in the near-term is heavily constrained.
The regional multiplier used in the previous analysis seeks to approximate this effect, in a way consistent with its apparent treatment within NEMS. Because of the perceived limitations of NEMS and many other national energy models in predicting near-term, regional impacts of altered gas demand scenarios, however, in December 2003 ACEEE published a study using the EEA model. The EEA model is a full supply/demand equilibrium model of the North American gas market, most recently used as part of the influential National Petroleum Council assessment of natural gas supply and demand. The EEA model contains a great deal of regional representation, and allows for small changes in natural gas demand to have a disproportionately large impact on gas prices because they reduce prices on the margin, where they are the highest. In some regions, demand for gas can at times exceed the ability of the current transportation infrastructure, creating even greater price pressure that small savings can relieve.
The ACEEE study evaluated the potential impact of renewable energy and energy efficiency deployment on natural gas prices, both nationally and regionally. One of those scenarios involved renewable energy and energy efficiency deployment in the Northeast (New England, NY, and portions of PJM). While we recommend that MTC contact ACEEE and EEA directly to seek a specific analysis of increased RE deployment in New England, results from the 2003 ACEEE modeling run can be extrapolated to roughly estimate the potential impact of increased renewable energy deployment on New England gas prices. Results from this extrapolation are presented here.
Some of the most pertinent ACEEE/EEA results are presented in Table 4 . These results -consumer savings of $7,673,265, or $2.3/MWh, in 2009 -are slightly larger than results for that same year from the EIA/NEMS analysis, assuming an inverse supply elasticity of 1.5 (i.e., to arrive at similar results using our EIA/NEMS simplified method, one would need to assume an inverse supply elasticity of about 2.0).
CONCLUSIONS
Due to the uncertainty inherent in the shape of the supply curve for natural gas in the short-and long-term, one must be cautious in estimating the impact of increased RE deployment on natural gas prices in the New England region. Nonetheless, the two approaches to estimating this effect applied in this memo come to similar results. Specifically, the consumer gas savings benefits in New England associated with increased RE deployment equal approximately $1-3/MWh on a 20-year levelized basis, with a most-likely outcome of perhaps ~$2/MWh. The benefits of deployment of renewable energy in New England also flow to the remainder of the nation, however, in the form of lower wellhead gas prices. On a national basis, 20-year levelized consumer savings of $10-40/MWh might be expected, with a most-likely outcome of perhaps ~$20/MWh. National savings are so much larger than New England savings because the wellhead (and delivered) price reductions -though more muted than in New England -are applied to a much larger quantity of natural gas demand. The NPV of consumer gas savings in New England are calculated to be ~$30 -$110 million, with perhaps $50 million as a central value estimate. National consumer gas savings are much higher, with a range of $400 -$1600 million, and a central estimate of ~$800 million.
